In today's world, interactive architecture is a process-oriented guide to creating dynamic spaces capable of performing a range of pragmatic and humanistic functions. While this architecture is evolving rapidly, its implementation in some developing countries is not very feasible. Iran is one of the developing countries that is seeking to learn more about use of new technologies in the construction industry to create new ideas for the future of architecture. Tehran as the capital of Iran has the proper capacities for implementing interactive architecture. Due to the main focus of the research on the future of interactive technologies in Tehran and to benefit from expert views, the Delphi method was used to collect the required information. According to the new concept of interactive architecture in Tehran, purposeful sampling was applied and only experts who have sufficient expertise in both interactive architecture and contemporary Iranian architecture were selected to respond. After collecting the responses in the questionnaire, they were converted to numerical scales to analyse the impact of the different factors in the future of Tehran's architecture. Results show that in Tehran, in the three main areas of technology, economy and culture, constraints exist for the implementation of real interactive architecture.
INTRODUCTION
Contemporary architecture should discover the hidden potential of traditional architecture and use new technologies and strategies to create a novel architectural identity for the future. It is time to stop asking what architecture is and start asking what it can do. Interactive architecture is a processes-oriented guide to creating dynamic spaces and objects capable of performing a range of pragmatic and humanistic functions (Fox, 2016) . These complex physical interactions are made possible by the creative fusion of embedded computation (intelligence) with a physical, tangible counterpart (kinetics).
Interactive architecture outlines a vision for the future through contextualising and understanding the current landscape of projects and trends in its domain, and its integration of new emerging technologies (Fox and Kemp, 2009 ). This architecture includes contributions from the worlds of architecture, industrial design, computer programming, engineering and physical computing (Fox, 2016) . In other words, Faculty of Art and Architecture, Tarbiat Modares University, Tehran, IRAN interactive architecture is not only perceived as a product, but also as a process (Figure 1 ).
Figure 1. Definition of Interactive Architecture Based on Its Applications in Space
Interactive architecture is not simply architecture that is responsive or adaptive to changing circumstances. On the contrary, this architecture is based on the concept of bi-directional communication, which requires two active parties. Interactive architecture is not about communication between people; it is first defined as the art of building relationships between the built components and second, as that of building relations between people and those components (Oosterhuis, 2013) . As Usman Haque puts it, a truly interactive system is a multipleloop system in which one enters into a conversation: a continual and constructive information exchange. As people interact with architecture, they should not be thought of as "users" but instead as "participants" (Haque, 2006) . Therefore, this architecture has no stable static configuration (as shown in Figure 2 ).
In interactive architecture, the perceptual boundaries between the virtual and physical worlds have been broken and the question is how architecture and its tasks can creatively adopt a fourth dimension, that of digital technologies (Bullivant, 2005) . This theory means that interactive architecture, rather than responding to pre-planned conditions, is able to maintain a continuous conversation not only with its users, but also among its components as presented in Table 1 .
Note: Coloured version of this figure is available in the online edition of Journal of Construction in Developing Countries Figure 2 . Examples of Interactive Architecture in the World, from: (a) Lénárd and Oosterhuis (2006) , (b) Oosterhuis and Lénárd (2007) , (c) Hosale and Kievid (2009) (d) Drumm (2012) and (e) Abramovic and Glynn (2018) Lee (1983) and Riley (2002) 
LITERATURE REVIEW
The Functional Nature of Interactive Architecture
The integration of motion into the built environment, and its impact upon the aesthetics, design and performance of buildings, may be of great importance to the field of architecture (Terzidis, 2003) . While the aesthetic value of virtual motion may always be a source of inspiration, its physical implementation in buildings and structures may challenge the very nature of what architecture really is (Kronenburg, 2003) . New technologies and computer science can be mentioned as the main material of interactive architecture. Though it has now come to refer to anything generally reactive or responsive, a few decades ago interactive described a very different concept. By obscuring the distinction between interactive and reactive we lose a potentially fertile conceptual framework (Haque, 2007 ) (refer Figure 3) . Interactive architecture creates new architectural solutions with a combination of new technologies and dynamic approaches to past perspectives. The driving forces in new technologies affect the changing patterns of human interaction with the environment (Edmondson, 2001) . In addition, this architecture can be discussed in fields of sustainable development. The main purpose of sustainable development is to provide the basic requirements, enhance and improve the level of living for all and make a secure and blissful future (Keniger et al., 2013; Parsaee, Motealleh and Parva, 2016) .
Generally, responsive architectures as part of interactive architecture are those that measure actual environmental conditions (via sensors) to enable buildings to adapt their form, shape, colour or character responsively (via actuators) (Beesley, 2006) . Responsive buildings enable a physical response to changes in the environment through specific building elements (Meagher, 2015) . In other words, the goal of this architecture is to reduce the negative effects of building construction on the natural environment (Butcher, 2006) . This architecture is the natural product of the combination of computer power with structures and building spaces.
Interactive architecture distinguishes itself from prescribed or responsive environments through its ability to create real-time, personalised conversations with its visitors (Jaskiewicz, Aprile and van der Helm, 2010) . Whether explicitly through a digital interface or implicitly through smart sensors, the visitors initiate communication. Then, as good conversations usually go, the data are absorbed, processed, and transformed to deliver newly curated information (Chen, 2015) . Such architecture demands intelligence. That kind of intelligence requires two elements: data storage and some sort of data processing capacity. The former serves as a memory, the latter as processing. Only the digital can facilitate these types of conversations (Krakowsky, 2008) . Contrary to popular belief, interactive architecture has a concept beyond the visible body and can include criteria such as aesthetics or complex economic and social values. This architecture as a place which directs human behaviour must meet a variety of individual and collective needs.
Originally, a truly interactive system is a multiple-loop system in which one enters into a conversation: a continual and constructive information exchange (Haque, 2006) . As people interact with architecture, they should not be thought of as "users" but instead as "participants". Marcos Novak uses the term "transactive intelligence" to define an architectural intelligence that not only interacts, but that transacts and transforms both the user and itself (Camile, 2005) . Interactive architecture is not only responsive, adaptable, but is also based on the concept of multifaceted communication as featured in Figure 4 . Real interactive architecture entails learning to articulate the dynamic possibilities of built form and learning to think how an architectural environment can be empowered to adapt in a way that goes beyond a mere capacity to adapt. The motivation to make interactive systems is found in the desire to create spaces and objects that can meet changing needs with respect to evolving individual, social, and environmental demands (Fox and Kemp, 2009) . In this architecture, shape, texture, colour, transparency and other material properties are gradually changing (Fox, 2016) . Interactive architecture is not a product-oriented architecture, but a process-oriented architecture in which form is defined by the dynamic behaviour and needs of its users and the changing internal and external conditions.
Iranian contemporary architecture
Since the beginning of the 20th century, Iran has witnessed great social, economic, and cultural changes that have influenced different aspects of Iranian life. Architecture, as the physical embodiment of social life, has changed to a great extent. The architecture of the transitional and contemporary periods saw the emergence of different styles, depending on new building technologies and various other influences (Mirmoghtadaee, 2009) . In fact, the concept of modernisation implies changing social thinking patterns and values (Ghobadian, 2013) . Contemporary Iranian architecture is looking for a new intellectual orientation and evolution in order to promote the country's architecture (Bani Masoud, 2011), which it requires to create a platform for the implementation of high-tech projects.
In Iranian architecture over the last 100 years, on the one hand, the traditional values in architecture cannot be ignored; on the other hand, the transfer of Western architecture to Iran and especially the presence of the modern style in the late Pahlavi era, increased the pace of developments in the field of architecture and urbanisation (Ghobadian, 2013) . But all these developments, whether wanted or unwanted, created change in architecture and urbanisation and revealed characteristics that have each been an important factor for the development of Iranian architecture in contemporary times (Kiani, Behjou and Tehrani, 2016; Mahdavinejad et al., 2014) . In this regard, it is obvious that a proper understanding of contemporary Iranian architecture can have a positive impact on its future.
INTERACTIVE ARCHITECTURE AND DEVELOPING COUNTRIES
As Reyner Banham has argued: architecture and technology cannot be separated (Abrahamson, 2009 ). As the latter has advanced and as computers have become smaller and cheaper, we are seeing that we now have the potential to think of space as being organised in a computational network (Greenfield, 2010) . The initiation of computational design means architects can pursue new frontiers where architecture can be generated through the writing of algorithms and software and where interactive physical mechanisms that respond to their environment, adapting and evolving as necessary, can be built (Peters, 2013) . Therefore, the rapid progress of technology is a useful tool for architects, enabling them to create sophisticated buildings that respond to the needs of users.
The reason behind this interactive movement is not just to use the technology that happens to be available to us, but to create environments that adapt and evolve to be simply the best and most beautiful in any given moment (Prelovsek, 2017) . Interactive architecture has been designed to create environments and buildings that respond to changing needs, respect the social and environmental demands of inhabitants (Fox and Kemp, 2009; Jaskiewicz, 2013) and finally, raise the standard of their living and ultimately design structures which could satisfy them.
According to authors such as Walt Whitman Rostow, developing countries are in transition from traditional lifestyles towards the modern lifestyle (Rostow, 1984) . One of the development indicators, from the perspective of the World Bank, is the use of new technologies. This technological advancement can occur in various areas one of the most important fields of which is architecture and construction (Mahdavinejad, Rafsanjani and Karimi, 2013) . Accordingly, understanding interactive architecture as one of the newest methods in design can be a basic step in development.
In developing countries, advancement will only be achieved when interactive architecture's systems are addressed as an integral part of a larger vision that takes advantage of today's pervasive, constantly unfolding, and farreaching technologies (Fox and Kemp, 2009) . Prediction for the future of interactive architecture in developing countries is somewhat hard, but it should be noted that interactive systems in buildings will inevitably be part of future architecture. Therefore, research on the conditions for the realisation of such systems in these countries is highly necessary.
Tehran as a Case Study
Iran's history is exceptionally complex, layered with dynasties and rulers whose influence extends way beyond the past and into modern-day Iran. Iran's ancient culture has a deep architectural tradition (Encyclopaedia Britannica Online, 2017) and if we look closely at Iranian architecture in past periods, we see the direct relationship between "technology" and architecture (Islami and Fotoohi, 2016) . In a country whose culture produced unparalleled works of architecture in history, it is up to us to look seriously at contemporary architecture.
Contemporary Iranian architecture should be looking for the development of modern technological structures, and on the other hand, should be more cognisant of the traditional architecture and learning of its past. New technologies are still not well-known in the country and this has caused problems in creating a new style of Iranian architecture that would respond to human needs at present with respect to lingering past values and beliefs. An expanding economy, growing demand for contemporary lifestyles and booming investment in tourist infrastructure are combining to create new opportunities for architecture in this country. Thus, the trajectory of contemporary architecture in Iran is balanced between social demands and new technologies.
In common with many countries in the developing world, Iran is experiencing a rupture with the major traditions and achievements of the past (Diba, 1991) . Since, the concept of interactive architecture is relatively new in the country, for its implementation, first, there is a need to identify the obstacles and limitations based on existing conditions and second, a meaningful set of guidelines need be provided that affect the future of architecture. In this regard, given that Iran as is a one of the most important developing countries that has some of the richest samples of architecture in history and a high speed of urban development in the new era, Tehran (social and political capital and largest city of Iran (Boroujerdi, 1974) ), is an appropriate case study. In fact, Tehran is considered to be the link between Iran and other countries and thus, every change in Iranian architecture will first start from this city and then spread to other parts of Iran.
RESEARCH METHODOLOGY

Limitations of Interactive Architecture in Tehran
One of the requirements for the development of interactive architecture in today's world is the use of unique and unexplored methods in architecture, tailored to the needs of people. In this regard, identifying the factors that would be effective on the correct implementation of this architecture is one of the main goals of this research. Initially, recognising the obstacles and operational capabilities of this architecture is the key to success in the future.
Due to the main focus of the research on the future of interactive technologies in Tehran and to benefit from expert views, the Delphi method was used to collect the required information in this study. According to the new and innovative concept of interactive architecture in this city, purposeful sampling was applied and only experts who have sufficient expertise in both interactive architecture and contemporary Iranian architecture were selected to respond. The first group of experts consisted of five professors working in the field of digital and interactive architecture and Iranian contemporary architecture from the most prestigious universities in Iran. The second group was comprised 10 Doctor of Philosophy (PhD) students doing research in this field.
Thus, in the first stage, an open-ended questionnaire was designed and distributed among 15 defined experts to determine the main factors that can be more effective in the implementation of interactive architecture in Tehran. The result of this questionnaire was determining a set of default factors that would influence the adaptation of interactive architecture to the features of Iranian architecture. In the next stage, according to the experts' opinions, in order to assess the contemporary conditions of Iran more effectively and identity the limitations of implementing interactive architecture, these factors were classified in eight main groups (refer Figure 5 ) and finally, based on the previous steps, for each category, the parameters and factors that might be important and effective in understanding and identifying the strengths and weaknesses of that category were determined, and a final close-ended questionnaire was designed (refer Table 2 ) that consisted of a five-point Likert scale with five response options for respondents, where "Strongly Agree" = 5, "Agree" = 4, "Do Not Know" = 3, "Disagree" = 2 and "Strongly Disagree" = 1. Given that the Likert scale is commonly used to measure attitudes, it was adopted to measure and analyse the importance level of each factor and to facilitate statistical analyses of the responses (Allen and Seaman, 2007; Croasmun and Ostrom, 2011; Norman, 2010) . After collecting the responses in the questionnaire, they were converted to numerical scales to analyse the impact of the different factors in the future of Tehran's architecture. The data collected from the questionnaire survey were analysed according to a mean score and the value of "3" (µ = 3) was selected as the median for measuring the results. where, f = frequency of responses rating each main factor, s = score given to each main factor by the respondents and N = total number of responses concerning that factor (Priyadarshani, Karunasena and Jayasuriya, 2013; Tadayon, Jaafar and Nasri, 2012; Das and Emuze, 2017; Ojelabi, Oyeyipo and Afolabi, 2017) . Figure 5 . Essentials of Interactive Architecture in Iran
ANALYSIS AND DISCUSSION
After analysing the questionnaire and evaluating the responses given by the experts of interactive architecture, it was found that among these eight mentioned categories, the three main areas of technology, finance and culture, create the highest number of constraints for the implementation of real interactive architecture in Tehran (as in Figure 6 ). In fact, the area of technology with an average of less than 3 in all sectors, the financial sphere with two averages above 4.5 and two averages below 3, and finally all the earned averages being under 3 in the cultural field are indications of significant shortages in these areas. This is while, as can be seen in the following chart, the obtained averages in other areas indicate that the requirements and prerequisites for implementation of interactive architecture projects in Tehran are available and achievable. As a result, it can be stated that the three areas of technology, culture and economy are the main limiting factors of the implementation of interactive architecture in Tehran and the other factors presented in this research are its strengths.
Technological Limitations
The autonomous operation of architecture and its ability to interact require the use of technology. Additionally, the process of development and deployment of interactive architecture can be catalysed or largely facilitated by employing various design instruments, novel materials and fabrication techniques (Jaskiewicz, 2013) . Interactive architecture has risen as a consequence of new technological availability in the context of the built environment (Maia and Meyboom, 2015) . The future of interactive architecture can best be predicted through examining the use of new technologies in other fields (Fox and Kemp, 2009) . In a sense, the development process of interactive architecture can be facilitated and accelerated by the use of various design tools, new materials and innovative construction techniques.
The results of the analysis of the information in the diagram indicate that in the area of technology, all factors have a value less than 3 which means that in Tehran access to the latest technologies required for interactive architecture is not very feasible. The weakness of the technical infrastructure of the city is the next limiting factor in the implementation of interactive architecture. Also there is no skilled labour with the ability to design and build interactive systems.
Note: Coloured version of this figure is available in the online edition of Journal of Construction in Developing Countries Figure 6 . The Results of Analysing the Questionnaire To put it more clearly, in Tehran, the poor coordination between manufacturing technologies in the construction industry and a new generation of architectural processes in the world, non-use of more advanced techniques and construction methods and tools, lack of effective studies on the limitations and abilities of technology can be some of the main factors deterring the country's progress. Meanwhile, the weakness of basic infrastructures in the field of technology can also limit the development of interactive architecture in the country. Furthermore, it can be argued that lack of information about interactive architecture as well as lack of experienced experts in this field has led to its slow progress in city (as shown in Figure 7 ).
Figure 7. Technological Limitations of Interactive Architecture in Iran
Financial Limitations
The importance of taking measures to improve the performance of the construction industry has now been recognised in several countries at various levels of socioeconomic development (Loganathan et al., 2017) . In the field of international management, issues concerning effective transfer of technology have been regarded as central to the field's mission. A great deal of emphasis has been placed on economic factors that affect transfer of technology (Contractor and Sagafi-Nejad, 1981; Arora, Fosfuri and Gambardella, 2004) . On the other hand, in most of the developing countries, the construction industry has failed to play its expected role as an "engine of growth" by providing the basis for socio-economic development as even some of the rudimentary issues are still not being addressed adequately (Ofori, 2015) . To put it simply, among the most important factors in construction industry development in any country are the financial issues related to building products.
Architects who want to experiment with interactive spaces, particularly on large, urban-scale projects, are often prevented from doing so because of the complexity, logistics or costs involved with such systems (Haque and Somlai-Fischer, 2005) . It should be mentioned that, generally, whenever subjects such as responsive architecture appear, cost issues arise. Novelty of subject and insufficiency in the quantity of evidence, currently prevent concrete answers (Fotiadou, 2010) . In other words, the issue of project financing has always been a main obstacle against the transforming of interactive architectural ideas into built projects because, basically, the new technology and mechanical systems used in these projects have high costs.
The results show that in relation to finance, the opinion of the majority of experts is that the estimated cost of project implementation and maintenance in the life cycle of buildings and traineeship and specialist training costs in accordance with the technical level of projects are high. Dynamic systems in interactive architecture require advanced technologies: these systems are more vulnerable and hence need constant repair and maintenance which will increase the building's lifecycle costs, a significant issue in Tehran. This is while the costs of traditional versus interactive architecture, at least on a short term basis, might still be significantly lower on the side of traditional architecture (Jaskiewicz, 2013) .
Also, interest rates on domestic investment with regard to the level of risk and return on investment of interactive architecture in short-term projects are low compared to traditional architecture. Accordingly, in the implementation of interactive projects in Tehran, all groups involved in the project, from the designer to the investor and the contractor should consider the possible solutions for removing these constraints. Meanwhile, domestic and foreign investors, because of uncertainty in the profitability, high risk of investment and increased side costs of new and innovative projects, have little tendency to invest in them (as shown in Figure 8 ).
Figure 8. Financial Limitations of Interactive Architecture in Iran
Cultural Limitations
The notion of "culture" can be defined as the shared patterns of knowledge, beliefs, behaviours and values (Dawkins, 2016; Jiang, 2010) . Thus, in analogical manner to the natural environment, human culture is continuously evolving (Pourjafar et al., 2014) . The culture of human groups has never been a constant factor, with historical changes in culture occurring slowly as cultural patterns are passed on between generations and gradually transformed in the process (Jaskiewicz, 2013) . To put simply, culture represents the identity of a society as provided in Figure 9 .
Although the technology transfers among developed nations rely greatly on strategic orientations of transacting organisations, the transfers to developing countries depend on the compatibility of the cultures of the nations involved in such transactions (Kedia and Bhagat, 1988) . A realistic appraisal of technological diffusion strategy should focus on the structure of preferences that exist in the recipient country at the time of transfer (Kedia and Bhagat, 1988; Karakosta, 2016) .
Traditional Iranian architecture grows within the community, and over time, adapts itself to cultural values and social, climatic and technological conditions. On this basis, Iranians have chosen an architecture that has more compatibility with social and cultural norms and their past experiences of space. The results of the data analysis show that all factors of interactive architecture implementation in the cultural field in Tehran have a value of less than 3. In fact, interactive architecture does not have a local cultural identity and cannot be a symbol of Iranian social values and beliefs. This fact dictates that people will not have a sense of belonging to interactive architecture, and the emotional relationship between users and architecture will not be created. These are the main limiting factors of the implementation of interactive architecture in the current conditions of Tehran.
Therefore, it can be argued that architecture with constantly changing processes in response to user needs may include some unwanted cultural and psychological effects. In fact, spaces with the ability to change in interactive architecture deprive people of the sense of identity and belonging to a particular place and may create a sense of insecurity in the inhabitants. As a result, interactive architecture in Tehran, due to its lack of harmony with the cultural values of the majority of people, will be limited in this regard.
Opportunities of Interactive Architecture in Tehran
Based on the results of the research, Tehran has the appropriate facilities in the environmental, organisational, social, managerial and physical fields to implement interactive architecture. Proper attention to, and use of these positive points will have an efficacious impact on the future of interactive architecture in this city and alleviate the existing restrictions. Investigating the relationship between the weaknesses and strengths shows that, interactive architecture is not limited to creating a building through the use of the most expensive and sophisticated technology but, it can be argued, providing the inhabitants' welfare in the built environment is the highest priority of an interactive architectural project. Meanwhile, this architecture experiences a special economic and technological feasibility, which makes it possible to engage wise operations, an opportunity for which it has been waiting so long. On the other hand, the ability of these systems to interact with the environment and residents can partly reduce their defects in the emotional and cultural fields.
It can be verified that there are many ways to create interactive architecture that stem from technology, but technology is not the fundamental nature of interactive spaces . The success of interactive architecture is largely due to the creation of unique functional and organisational spaces that respond to different human needs and create flexibility, participation and creativity (Mohtashami, Mahdavinejad and Bemanian, 2016) in the inhabitants of the built environment. Based on the conceptual viewpoints of the experts interviewed in this study, it can be stated that interactive environments provide many opportunities for contemporary and future Iranian architecture. Given that interactive architecture has the ability of multipurpose optimisation for spatial reorganisation, it can create flexibility in building spaces and provide wellbeing and satisfaction through change in environmental affordances and respond to the natural needs of inhabitants.
In the same vein, interactive architecture can lead to a significant reduction in the use of vital resources such as materials, energy, time and space. Continuous adaptation between humans, buildings and the natural environment guarantees sustainability in built environments and increases the useful life of buildings in the city resulting in the optimisation of energy consumption which can reduce urban energy costs. Other advantages of this architecture in Tehran can be the expansion of the scope of residential performance in space, the strengthening of public participation between individuals in buildings (Mahdavinejad and Amini, 2011) , the improvement of social relationships and security (Bemanian and Amini, 2017) and finally, change in architectural patterns. It is not claimed that all of the above opportunities are inherent in interactive architecture, but this architecture can gradually develop its behaviour and meet these goals (as shown in Figure 10 ). 
CONCLUSION
The main focus of the paper is to show that the success of interactive architecture in developing countries, to a large extent, depends on the extent to which these countries benefit from the facilities and capabilities of this dynamic, flexible and constantly changing architecture which can be a good alternative to traditional and static architecture. In this regard, recognising and trying to resolve the limitations and obstacles and creating appropriate national and international standards in the construction industry will improve the present and future conditions of interactive architecture in these countries.
The results from this study show that technological deficiencies in the country's infrastructure, inaccessibility to the latest technology and a lack of experience and expertise are the major challenges. In the financial sphere, interactive project costs and their investment risks are high; hence, there is little willingness to invest. Finally, in the field of culture, in the present situation, interactive architecture does not have the ability to respond to the traditional cultural needs and values of Iranian society. Additionally, the results show that other areas affecting interactive architecture in Tehran have a status comparable with that of developed countries and therefore, these areas do not pose any specific problems.
Hence, developing countries which move from traditional architecture to interactive architecture should try to develop and optimise existing technologies in the country to achieve this architecture's goals, until they can adopt local and optimal methods and strategies to provide the cultural and emotional needs of the users in the buildings and ultimately the developmental process of this architecture is accelerated.
Meanwhile, it should be noted that in developing countries, religious beliefs and culture are still powerful factors in determining the use of technology and in economic growth; in these societies, people believe that economy and technology are instruments for the promotion of the cultural values of the people and should never be considered as a goal in them. Accordingly, the results of the research show that the materialisation of interactive architecture in developing countries might be much more different than it is in developed countries.
In other words, it is the cultural issue that determines the feasibility of interactive architecture rather than other elements. In such countries key elements such as "technology" should be adopted with consideration of the cultural context. Technology is largely influenced by culture and in addition to the need for economic, social, managerial and other infrastructural elements to implement interactive architecture in developing countries, it is necessary to establish a cultural foundation to create a flexible relationship between all the factors.
